In response to the worldwide shortage of biostatisticians, Australia has established a national consortium of eight universities to develop and deliver a Masters program in biostatistics. This article describes our successful innovative multi-institutional training model, which may be of value to other countries. We first present the issues confronting the future of biostatistics in Australia, then relate our experience in establishing a new national consortium-based Masters program, and finally explore the extent to which our initiatives have addressed the current challenges of biostatistics workforce shortages.
Introduction
There is a widely recognized shortage of graduates in biostatistics relative to what appears to be a continually increasing demand for expertise in this area. DeMets et al (2006) review this issue in relation to the U.S. , pointing out that the demand for biostatisticians has grown dramatically in the past 20 years. Statistical expertise has become central to many areas of research and health service activity, including not only more traditional areas such as clinical trials and epidemiological studies, but also the rapidly emerging fields of statistical genetics, bioinformatics and computational biology. DeMets et al. (2006) describe the U.S. context where a substantial investment in training by the National Institutes of Health (NIH) in the late 1960s and early 1970s helped to create a cadre of academic biostatisticians. This group has provided leadership to the field but major difficulties are now evident in identifying a new generation of adequate size and strength to meet burgeoning demands. These authors commented that the "situation world-wide is probably similar to that experienced within the U.S." but did not further address the issue in other settings.
The Market for Biostatisticians in Australia
Biostatistics has struggled to establish itself as an independent academic discipline in the Australian context, and the term itself has only recently been widely adopted, in place of the traditional British term "medical statistics". However, there has been a clearly increasing recognition of the contribution of biostatistical expertise to an ever-expanding range of areas in medical, genetic, public health and health services research.
What firm empirical evidence do we have of increasing demand for biostatisticians in Australia? There are limited data available but useful information can be gleaned from the records of a web-based repository for employment advertisements (www.statsci.org), which lists all jobs advertised on the email list "ANZSTAT" (www.maths.uq.edu.au/research/research_centres/anzstat/), most Australian newspapers and other commercial services, and is thus an almost complete archive of all statistics jobs advertised in Australia. The existence of a general shortage of graduates in the mathematical sciences attracted public discussion in 2007 with the publication of a high-level national review of the mathematical sciences (Australian Academy of Sciences, 2006) . This review cited "clear evidence that the current supply of trained mathematicians and statisticians is inadequate and decreasing", adding that "the situation for statisticians is already dire, with major sectors such as medical research and development now unable to recruit appropriately trained statisticians within Australia."
In a similar vein, a national review by the Statistical Society of Australia (2005) found a "recurring concern expressed [about] the dwindling number of staff and declining or relatively static numbers of undergraduate students within traditional (mathematical) statistics programmes in universities." Furthermore, the review reported that the number of research higher degree (PhD) completions in statistics in Australia (population approximately 20 million) had hovered at little over 20 for almost ten years up to 2003. It appears that many students with the potential for careers in biostatistics are attracted away at early stages of their training into fields such as information technology and business.
Although neither of these reviews focused specifically on biostatistics, the challenges in this area have been recognized at least as far back as the late 1990s, when a national review of the federally funded Public Health Education and Research Program (PHERP) recommended that "a working party be established to examine ways by which Australia's supply of biostatisticians can be enhanced. This working party should include representatives from both within and outside the public health workforce. Depending on the outcomes of this process, special PHERP innovation funds should be considered as a means to support increasing the pool of biostatisticians in Australia" (Nolan, Bryson & Lashof, 1999) . These reviews have encompassed a broad range of levels of professional competence but it seems clear that a particularly glaring problem exists at the level of doctoral and postdoctoral training. Completion of Honours degrees (the traditional British-style four-year degree in which the fourth year consists largely of a research project) in mathematics and statistics at Australian universities grew rapidly in the 1960s but has been stable since 1970 at about 150 per year, with a notable exception in the first half of the 1990s when there were more than 200 graduates annually (Australian Academy of Sciences, 2006) . PhD graduations in mathematics and statistics have increased from about 40 per year between the mid-1960s and mid-1990s to the current level of about 80 per year. This has been offset by the number of research Masters degree completions in mathematics and statistics, which has declined from a peak of 40 per year in the late 1970s to about 20 per year now. In summary, there are fewer than 100 people graduating each year from Australian universities with research higher degrees in mathematics or statistics (Australian Academy of Sciences, 2006) . DeMets et al. (2006) report data on increases in median salary levels for a range of academic biostatistics positions in the U.S. over the 10-year period 1995-2005. These indicate a rate of increase somewhat greater than the rate of inflation, with an average increase of 26% over the 5-year period from 2000 to 2005. Similar data are difficult to find for the Australian market, although data from four major universities show that salaries for lecturers increased by an average of 24% over the 5-year period from 2002 to 2007 while the Consumer Price Index increased by 14.4% (Australian Bureau of Statistics, 2007) . The number of biostatisticians employed in the pharmaceutical industry has expanded rapidly in the past decade in Australia but is still small; a recent commercial review of remuneration showed an average 9.4% increase in the two years from 2005 to 2007, similar to the rate of increase for academics.
The Biostatistics Collaboration of Australia
Given the context of increasing market demand for biostatistics, the university sector in Australia was clearly not responding effectively in the late 1990s. Over the previous decade a number of academic Departments of Statistics had been closed, or merged with Mathematics Departments (and this in the context, previously discussed, of shrinking support for all areas of the mathematical sciences). Very small numbers of graduates were being produced at all levels of the system. Biostatistics groups were small and invariably existed as informal organizational units within Departments of Epidemiology and Schools of Public Health.
However, following the 1999 PHERP review, a group of biostatisticians recognized an opportunity for government seed funding to be provided for a new training program and conceived a consortium model through which this could be established. As a result, the Australian government agreed to provide $AUD1.2 million over five years from 2001 for the establishment of the Biostatistics Collaboration of Australia (BCA). The Collaboration initially comprised a consortium of seven universities (recently expanded to eight), which agreed to offer a new Masters program in Biostatistics in partnership with each other. Between one and three academic biostatisticians from each of the universities have been closely involved, first in developing the curriculum and subsequently in delivering the program.
Teaching is done by distance delivery, with course materials sent to students in printed form, and an online learning management system used to generate class interaction and to manage assessment. Students must enrol at one of the consortium universities, which becomes their "home" university. All units of instruction are accredited by all consortium universities and each unit is delivered by one and only one of these universities in any semester. Students enrolled in the same unit at different universities receive identical course materials and instruction. A central BCA coordinating office functions as a liaison and communication centre for students, coordinators and administrators at all BCA participating universities. Details of how aspects of distance delivery are handled within the program have been published by Heller et al. (2008) .
The BCA program has been re-funded by the Australian government for another five years to 2010, at a level sufficient to support the transaction costs incurred by the multi-university consortium model. Most of the funding to support the courses comes from tuition fees paid by the students. These fees are redistributed within the consortium according to an agreed model that proportionately rewards those university partners that carry larger teaching loads, with a weighting that allows cross-subsidization of the more advanced (often elective) units of the program. A small financial contribution is made by pharmaceutical industry partners, in the form of competitive scholarships that cover fees. Although the program is now operating on a reasonably self-supporting basis, the injection of government support was crucial in enabling its establishment and is still required to ensure a stable administrative base. In particular, financial support for the development of a completely new curriculum, designed for distance education, was essential.
The BCA Program
Students may take courses in the BCA program to three levels: the Master of Biostatistics degree comprises 12 units of study (subjects); embedded within it are the Postgraduate Diploma (8 units) and the Postgraduate Certificate (4 units). Students enrolled in the Masters or Postgraduate Diploma may exit the program with a lesser degree, provided they have successfully completed the requirements. The required units of study for each course are displayed in Table 1 . Details of the content of each unit and the textbooks used are given in Appendix 1; further details are available in the program outline on the BCA website (www.bca.edu.au).
For the Masters degree, 10 or 11 coursework units of study are required plus a 2-or 1-unit Workplace Project Portfolio (WPP), respectively. The aim of WPP is for students to gain practical experience, usually in workplace settings, in the application of knowledge and skills learnt during the coursework of the Masters program. The student provides evidence of having met this goal by presenting a portfolio or thesis made up of project reports and a preface reflecting on their learning, which is then examined and may be awarded a grade. The WPP requirement distinguishes the Masters degree from the Postgraduate Diploma, which can be obtained through the completion of coursework alone with no compulsory project component. Suitable supervision (for both the subject matter and statistical components) and appropriate projects must be available for students embarking on WPP. This is a potential stumbling block for students who do not live in a city that houses one of the universities participating in the BCA, since even if a suitable project and subject matter supervision are available through their workplace, a statistical supervisor may be more difficult to find. 
Student Pathways
An important feature of the BCA program is that it allows entry to students from a range of backgrounds. The eligibility criteria are:
having already completed an introductory tertiary-level unit in statistics, covering at least the estimation of means and proportions with confidence intervals, and the comparison of means and proportions between two groups; a proven aptitude for advanced mathematical work, indicated for example by a high level of achievement in high school mathematics; and a Bachelor degree in Statistics, Mathematics, Science, Psychology, Medicine, Pharmacy, Health Sciences or other appropriate discipline from an approved university (or equivalent qualification).
For those with training in disciplines such as health, psychology, or epidemiology, the foundation units MBB, PDT and PSI provide a solid grounding in mathematics, probability and distribution theory and the principles of statistical inference, while those with a recent undergraduate mathematical statistics degree may be exempted from these units.
By the end of 2008 there had been 100 graduates from the BCA program, 50 with Masters degrees, 21 Postgraduate Diplomas and 29 Postgraduate Certificates, and there were currently 306 enrolled in at least one subject. Testimonials of several graduates of the program can be viewed on the BCA website (www.bca.edu.au/stdnt_testimonials.htm).
Training the New Generation

Achievements
In addition to producing 100 graduates so far, the establishment of the BCA has strengthened links among academic biostatisticians in Australia, and between academics and their counterparts working in industry and government. BCA members collaborated to develop the program and now meet regularly by teleconference and face-to-face bi-annually. The BCA has increased the profile of biostatistics in Australia by advertising our program and by organizing and sponsoring workshops, often in association with other conferences such as those for epidemiologists. This has heightened the awareness among potential students of both biostatistics as a profession and the current worldwide shortage of biostatisticians. It has also given us a voice for lobbying government, with the BCA gaining recognition as a professional body by making submissions to national reviews of statistics and mathematics. Another advantage of the program is that it has helped to provide academic teaching positions at the universities involved, thus strengthening their capacity as centers able to supervise PhDs in biostatistics.
In 2004 an independent external review committee, chaired by Professor Louise Ryan from Harvard University, concluded that "The BCA has been successfully established as an outstanding multi-institutional system for developing, strengthening and sustaining Australia's workforce of career biostatisticians. Through intensive coordination of expertise in seven universities and the use of distance education, the BCA is able to offer an educational program in biostatistics that is unique throughout Australia, and indeed the world, in terms of its depth and scope" (Ryan, Jorm & Knuiman, 2004) . The national PHERP review in 2005 found that " [T] he BCA is the best example of PHERP Phase III strengthening the basis for high-level and consistent quality education programs" (Durham & Plant, 2005) . In (2006) , and the "desirable" additions of clinical trials and epidemiology are compulsory in the BCA program. Through WPP, all Masters students develop their written communication skills, with some choosing to write their project(s) up for publication; some students also gain experience in working as part of a research team and may thus be exposed to research ethics and information privacy training. There is no formal coursework in a biology specialty area, which may not be necessary for those intending to work in public health, nor is there any opportunity for teaching leadership or consulting skills.
The existence of the BCA program has encouraged the development of at least one full-scale training program which has most of the key elements described by DeMets et al. The New South Wales Department of Health (NSW Health) established a Biostatistical Officer Training program with its first intake of two trainees in 2001. This program selects 2 to 5 trainees each year with an Honors degree in Statistics or equivalent from a very competitive field of about 70 applicants from all over Australia. Trainees are employed for 3 years, rotated through 6-month placements in various sections of the broader health service, and are required to enrol in the BCA Master of Biostatistics. To date, 17 NSW Health trainees have graduated with a Master of Biostatistics and another 15 are currently in the training program. Another State health department has recently started a similar program, while students employed in the pharmaceutical industry receive relevant on-the-job training, such as a 2-day workshop on Good Clinical Practice.
The NSW Health training program has attracted students who already have a PhD in statistics and wish to become biostatisticians, one of whom has recently taken up an academic research position. Another student has been appointed to an academic position after completing his Masters degree and is enrolled to do a PhD, demonstrating an alternative way in which the BCA program is helping to train the next generation of academic biostatisticians. As the pharmaceutical industry continues to expand in Australia, it too is looking to the BCA to train some of its employees and is recruiting new staff from those already enrolled in the Masters of Biostatistics degree.
Opportunities and Challenges
The BCA program has partly fulfilled its mission to strengthen Australia's health workforce capacity by producing well-qualified biostatisticians. Since eligible students anywhere in Australia with an internet connection can enrol in the program, it can be said to have national coverage, but the BCA does not yet have a member university in every State. This can make supervision of the Workplace Project Portfolio difficult. Progress is being made: in 2007 the University of Adelaide joined the consortium giving the BCA a presence in four of the six States. We also have a few students based overseas enrolled in the Postgraduate Diploma, and believe there is scope for us to benefit other countries, especially in the Asia-Pacific region, by making the Masters program available to them if we can make adequate arrangements for supervision of WPP.
The program faces potential competition from within Australia and from overseas education providers. Academic institutions not affiliated with the BCA may choose to offer their own programs, and one university has recently done so. Currently, Australian law prevents most foreign nationals living in Australia from enrolling in the BCA program. On the other hand, any Australian student can enroll in programs offered by distance education by overseas universities. While it is likely that the BCA program will have a cost advantage compared to overseas offerings, its programs need to compete on quality. The quality assurance process of the program is well developed and must meet, at a minimum, the quality requirements of each of its constituent university members; essentially this means there is a "highest common denominator" criterion for any issue. But little systematic work has been done to compare curriculum or outcomes with established courses, either on-campus or distance mode, offered by overseas institutions.
Student retention and degree completions are issues for a program whose current students are mainly enrolled part-time, often working full-time and may have family responsibilities. The structure of the program and method of delivery certainly suit such students, but a Masters degree may take between three and six years to complete, and the risk of dropout over such a time is substantial. There is an opportunity to market the program more effectively to undergraduates nearing completion of their basic degree and to new graduates; such students may be less encumbered than those already in the workforce.
While BCA coursework units are available to suitably prepared doctoral students from any related discipline, the BCA does not yet offer its own doctoral programs, either the traditional Australian (British-style) doctorate by research only or the North American model of advanced coursework plus a research component. The BCA recognizes that advanced training to doctoral and post-doctoral level is an essential component of a national program, especially if we are to contribute to the development of new statistical methods, as called for by DeMets et al. (2006) . The current Masters, incorporating the Workplace Project Portfolio, provides a basis for design of a courseworkplus-research doctorate, substantially retaining the distance education framework. However, the role of the BCA in the research doctorate is less clear, as the student-supervisor relationship within each university assumes primary importance. There are opportunities for the BCA to encourage and channel promising Masters students, help match students to supervisors, broker cross-institutional supervisory panels relevant to a student's particular topic, and provide resources and forums for research seminars. The BCA is in a good position to negotiate with Commonwealth and State governments and with industry to provide targeted research degree scholarships. The peak national health research funding body, the National Health and Medical Research Council, provides no specific, strategic support for biostatistics training, although few would deny that availability of statistical skills is a rate-limiting step in national health research productivity.
The program faces challenges to its sustainability. First, an essential element of the BCA is its central secretariat, which is currently funded by a grant from the Australian government. Further support comes from NSW Health and in-kind support from the host institution, the University of Sydney. Change in any of these arrangements, especially the government's role, would have serious consequences for the BCA's viability. Second, the consortium members have, so far, cooperated on the issues of equity of teaching responsibilities and revenue sharing. To a large extent this reflects the goodwill of the academic representatives on the consortium's Steering Committee; in the small community of academic biostatisticians in Australia, most have known each other for many years. But personnel will change over time, and, on the institutional side, university policies and priorities may also change. In almost every context other than the BCA, universities are in competition with one another for student enrolments, research grants and government funding.
Third, the BCA has done little to market its program -and the opportunities for rewarding careers -to undergraduates in mathematics, statistics, health sciences and related fields. This needs to be remedied. The competition for numerically competent basic graduates to undertake further training and careers in financial services, engineering or physical sciences is keen. The BCA program is only sustainable if it can attract enough good quality students to ensure both viability of the subjects offered and sufficient graduates to maintain support by the stakeholders. Finally, the existing BCA curriculum does not yet adequately cover some emerging areas of biostatistical practice, such as computational methods for data mining. To remain relevant and sustainable the program must carefully consider its curriculum and provide students with opportunities to equip themselves for the future.
Summary
In summary, over the last eight years, the BCA has established a novel and credible multi-university model to deliver national training in biostatistics at the Masters level. It must now turn its attention to more advanced training and early career development for academics. The objectives will continue to be to provide an adequate supply of highly skilled academics within Australia, and to facilitate succession planning for the next generation of biostatisticians. We believe this model is one that can be adapted for use in other countries. 
Content:
The aim of this unit is that the student gains practical experience, usually in a workplace setting, in the application of knowledge and skills learnt during the coursework of the Masters program.
The student provides evidence of having met this goal by presenting a portfolio, made up of a preface and project report(s), for examination by one examiner from the home university and one from another BCA university. 
